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(54) Cursor controlled navigation system for aircraft 

(57) An aircraft navigation control system includes a 
flight management system control display unit (12), a 
navigation display unit (40), logic circuitry (60) and a 
cursor control input device (70). The flight management 
system control display unit (12) includes a keyboard 
(30) to allow desired route waypoint modification via 
keyboard entries. These entries appear on a display 
(20) which provides a text listing of the selected way- 
points. The navigation clsplay (40) produces a graphical 
depiction of the selected waypoints as provided on the 
flight management system control display unit (12). In 
addition, the user may modify or create a new desired 
route by movement of a cursor (4) on the navigation dis- 
play (40) to thereby highlight and select various way- 
points as depicted on the display (40). By use of this 
graphical interface via a cursor control device (70) and 
the cursor (74) on the navigation display (40), a user 
may create, by a connect the dot approach, a new 
desired navigation route. Changes so entered on the 
navigation display (40) by the cursor control device (70) 
correspondingly create changes in the text display of 
the control display unit (12). 
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Description 
BACKGROUND 

The present invention relates to the aircraft naviga- 
tion art and, in particular, to an improved aircraft naviga- 
tion selection system which allows automatic entry and 
deletion of route determining waypoints by means of a 
manual input cursor control device. 

In modem commercial aircraft, a flight crew makes 
flight plan entries and modifications through a Flight 
Management System-Control Display Unit (FMS-CDU). 
The FMS-CDU is an electronic module containing a 
keyboard on its lower face half and an electronic display 
on its upper face half. By keying entries into the key- 
board, the flight crew can build or modify a route into the 
Flight Management Computer by typing in a series of 
waypoints which are then displayed, in text form, on the 
upper half of the FMS-CDU display. 

An additionally provided display is a navigation 
(map) display. In contrast to the text display of the FMS- 
CDU, the navigation display graphically depicts the 
selected waypoints along a desired route. Thus, as the 
flight crew types in entries on the FMS-CDU. these are 
then displayed graphically on the navigation display. 

The FMS-CDU mode of text entry of the desired 
plan can be cumbersome and frustrating to the flight 
crew depending upon the amount of information that 
needs to be typed and the user's proficiency. In addition, 
the sequence of typed commands require some training 
to familiarize the user with the method by which way- 
points are entered, modified and deleted. 

It would be highly beneficial, therefore, if flight plan 
entries could be made by the flight crew in a more user 
friendly, "point and click" type manner on the actual 
graphical navigation display, while maintaining the abil- 
ity to use typed entries via the FMS-CDU. 

SUftflRflARY OF THE IIMVEOTIION 

It is an object of this invention, therefore, to provide 
an improved aircraft navigation route entry system 
wherein flight crew entries of a desired route are made 
via a user friendly, graphical input to a navigation dis- 
play. 

It is a further object of the above-described inven- 
tion, to provide both graphic and standard text type 
inputs to create a desired navigational route. 

It is yet a further object of the present invention to 
provide the above-described improved aircraft naviga- 
tion route input system wherein users, via a cursor con- 
trol device, can select, modify and delete waypoints on 
the navigational display. These and other objects of the 
invention will become apparent in view of the specifica- 
tion and claims set forth hereinbelow. 

Briefly, according to the invention, an aircraft cursor 
control navigation system comprises a navigation dis- 
play for graphically displaying to the flight crew a 
sequence of waypoints defining a desired aircraft route. 



The navigation display also depicts a movable cursor. A 
manual input cursor control device is provided which is 
suited for receiving manual inputs from the flight crew to 
control the position of the cursor on the navigational dis- 

s play. A control display unit includes a keypad for allow- 
ing the typed entry of sequential waypoints to define a 
desired aircraft route and it also includes a text display 
of the typed entries. A provided logic means directs air- 
craft flight in accordance with a flight crew input desired 

10 route. The logic means includes logic for allowing the 
flight crew to select a new or revised desired route by 
manually selecting waypoints via the cursor control 
device with the newly selected waypoint automatically 
forming the desired route on both the navigation display 

r5 and as a new or revised text display on the Control Dis- 
play Unit. 

In yet a further aspect of the invention, the logic 
includes means for drawing a line between the first and 
second selected waypoints on the navigation display 

20 and calculating and displaying the relative bearing and 
distance from the first selected waypoint to the second 
selected waypoints. 

In yet a further aspect of the invention, the logic 
determines if a cursor has been positioned within a pre- 

25 determined distance of a waypoint and, if so, highlights 
the waypoint on the flight display. t 

In yet a further aspect of the invention, the aforede- 
scribed logic includes means for producing a text dis- 
play on the control display unit of a highlighted waypoint. 

30 In yet a further aspect of the invention, the aforede- 
scribed logic includes means permitting the flight crew 
to select the text display of the highlighted waypoint as 
a desired point on the route to thereby automatically 
enter the waypoint on the desired route 

35 In yet a further aspect of the invention, the logic 
includes means for creating images of one or more pre- 
determined control buttons on the navigation display 
responsive to the system's current mode of operation 
and means for performing the operation represented by 

40 the control button image in the event a user, through 
manual input of the cursor control device, selects the 
control button. 

Other aspects of the present invention will become 
more apparent upon reading the specifications and 

45 claims that follow. 

BRIEF DESCRflPTQOINI OF THE DRAWINGS 

Figure 1 is a diagram illustrating the general 
so appearance and relative interconnection of the cur- 
sor control device, navigation display, control dis- 
play unit and logic module in accordance with the 
preferred embodiment of the invention; 
Figures 2 through 9 depict changes to the naviga- 
55 tion display and control display unit to illustrate the 
manner by which the cursor control device can be 
used to change the desired route both as graphi- 
cally represented on the navigational display and as 
depicted by text entries in the contrd display unit; 
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and 

Figure 10 is a logic flow diagram illustrating the 
manner by which the logic, in accordance with the 
preferred embodiment of the invention, provides 
user entry both graphically and via text inputs on ; 
the navigation display and control display unit, 
respectively. 

DETAILED DESCRIPTION 

Figure 1 illustrates in both graphic and block dia- 
gram form the primary components of the preferred 
embodiment of the invention. Shown at 12 is a conven- 
tional aircraft navigational Flight Management System- 
Control Display Unit (FMS-CDU) 12. The FMS-CDU 12 
includes an upper face portion 1 4 and a lower face por- 
tion 16. In its upper face portion 14, the FMS-CDU 12 
includes an electronic display 20 which is capable of 
displaying lines of text entered by the flight crew. These 
lines of text depict, typically, waypoints along the way of 
the desired navigational route. On both sides of, and 
adjacent to the electronic display 20 are line select keys, 
indicated generally at 22 and 24. Upon the user activat- 
ing one of the line select keys 22, 24, the adjacent line 
of text on the electronic display is activated to thereby 
allow entry, selection or deletion of text. 

At the lower portion of the electronic display is a 
scratch pad line 26 which displays system generated 
messages, entries via the keyboard (described below), 
and data being moved from one line to another. 

In the lower face half 16 of the FMS-CDU 12 is a 
keyboard, indicated generally at 30. The keyboard 
includes an array of keys as well as control inputs by 
which the flight crew can manually enter waypoints, 
which then appear on the electronic display 20 as text 
line items. Also included are various control keys which 
allow the flight crew to add, modify and delete various 
entries. 

For example, a provided Execute key 32 is a 
momentary action pushbutton which becomes illumi- 
nated to indicate a modification to the active route. 
Upon the flight crew pushing the Execute key 32, a 
desired modification is activated and illumination of the 
key is extinguished. 

A provided Delete key 34 is a momentary action 
switch which, when activated by the flight crew, enters 
DELETE in the scratch pad portion 26 of the electronic 
display 20 When the scratch pad is Wank, selection of a 
subsequent line by the line select keys 22, 24 deletes 
data on the corresponding adjacent line if such informa- 
tion is deletable. 

Thus, by way of typed entries via the keypad 30, the 
flight crew enters waypoints along the desired naviga- 
tional route. These waypoints are displayed as lines of 
text on the electronic display 20. Prior to the present 
invention, navigational routes were entered by the flight 
crew strictly through the FMS-CDU as depicted in Fig- 
ure 1 . Such entries were often tedious or cumbersome 
due to the need to make the typed entries and the 



requir ment that the users be familiar with the protocols 
for adding, modifying and deleting waypoints using the 
control key inputs. 

Also provided as a display to the flight crew of the 
f desired navigational route is a navigation display 40. 
The navigation display 40 depicts the current position of 
the aircraft, here indicated by triangle 42, and selected 
waypoints along the desired route such as the indicated 
waypoint "LACRE" at 44, the next selected waypoint 
w "VAMPS" at 46 and the final waypoint "TAGOR" at 48. 

In addition to the route information, also depicted 
on the navigation display 40 is the current magnetic 
track heading 48 and an arcuent line 50 which depicts a 
portion of a compass rose. 
is Also depicted in the upper left hand corner of the 
display 40 is information indicating the current ground 
speed, true air speed, wind speed and wind heading 
information, in upper left hand corner 52. 

In upper right hand corner 54 is depicted the next 
20 waypoi nt along with estimated time of arrival information 
and the total distance to the next waypoint. 

A particular feature of the present invention is that 
control button images, such as LIST button 56 and 
ERASE button 58 also appear on the navigation display 
25 40 for selection by the user as opposed to keyboard 
entry on the FMS-CDU 12. In addition, the appearance 
of control buttons, such as buttons 56 and 58. is context 
sensitive to the mode that the navigation display has 
been activated to. Thus, inappropriate control buttons 
30 will not be displayed in a given mode of operation. 

The navigation display 40 and FMS-CDU 12 inter- 
connect through a logic module indicated generally at 
60. The logic module 60 includes a flight management 
computer (FMC) 62. In addition, the logic includes a 
35 graphics generator (display module) , 64. Inputs from the 
logic module 60 to and from the FMS-CDU 12 are car- 
ried along a two-way bus 66, whereas display informa- 
tion from the graphics generator 64 are carried to the 
navigation display 40 via a one-way bus 68. 
40 A particular enhancement that the present inven- 
tion provides to the navigation art is that user inputs to 
the system can be provided via a cursor control device 
indicated at 70. While several different types of cursor 
control devices are known to the art, such as joysticks. 
45 track balls and so forth, in this, the preferred embodi- 
ment of the invention, use is made of a trackpad cursor 
control device which is described in great detail in U.S. 
patent application serial no. 08/128.985, filed Septem- 
ber 28, 1993 and assigned to the same assignee as the 
so present application, hereby incorporated by reference 
herein. Briefly, the cursor control device as described in 
the copending patent application includes a track pad 
72. The track pad 72 is a capacitive touch pad device 
which senses relative movements of a user's finger the- 
55 reacross. Thus, referring to the cursor 74 as depicted on 
the navigation display 40, a user, by dragging his or her 
finger across the track pad 72 determines the relative 
movement of the cursor 74 on the display 40. The cur- 
sor movement is relative. That is, if a user drags his or 
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her finger to the right the cursor will move to the right 
correspondingly. If a user then removes his or her finger 
from the track pad 72. replaces it on the track pad 72 
and again moves it to the right, the cursor will continue 
moving to the right corresponding to the finger move- 5 
ment. 

In addition to the relative mode action of the track 
pad 72, the cursor control device is programmed such 
that placing a finger in any one of the four comers 75-78 
of the track pad 72 activates a "hot pad" function which 10 
automatically drives the cursor, despite its previous 
location, to a corresponding one of the corners of the 
navigation display 40. In this way, the flight crew can 
instantly relocate the cursor. Also, in the event the flight 
crew wishes to position the cursor 74 over one of the 15 
command buttons, such as buttons 56, 58 it may be 
easier to do so by initiating the cursor at one of the cor- 
ners of the display 40. 

In a manner described more fully hereinbelow, a 
user activates a function, such as a control button 56, 20 
58 or a selection of a new waypoint, such as waypoint 
44, by depressing a select button 80 which is provided 
on the side of the cursor control device 70. 

Data from the cursor control device passes to the 
logic module 60 via the bus 90. Specific operation of the 25 
cursor control device 70 as a user controlled input to the 
navigation system is described more fully hereinbelow. 
However, the overall philosophy is to provide a graphical 
interface to the flight management computer 62 of the 
logic unit 60 by use of selection of waypoints or activa- 30 
tion of the command buttons, or soft keys which appear 
on the navigation display 40 to thereby allow the flight 
crew to interact with the navigation system graphically 
rather than by means of hardware buttons. This allows 
increased flexibility, such as the ability to allow the flight 35 
crew to activate only those command buttons, as 
appear on the navigation display 40, which are currently 
available based on the context of the task being per- 
formed. For example, the EXECUTE or ERASE buttons 
would only appear on the navigation display 40 after a 40 
route modification has been initiated. 

Also, as is descried more fully hereinbelow, as the 
flight crew enters a revised or new flight path by graphi- 
cally entering waypoints via the cursor control device 70 
on the navigation display 40, the corresponding way- 45 
points and corresponding route are simultaneously 
entered into the control display unit 12 textual display. 
Thus, the flight crew can enter the desired route either 
graphically through the cursor control device 70 on the 
navigation display 40 or in parallel by use of the Control so 
Display Unit 12. That is, changes either of the desired 
route either through the Control Display Unit 12 or the 
cursor control device 70 graphical input on the naviga- 
tional display 40 creates parallel changes to both the 
navigation display 40 and the Control Display Unit 12. 55 

The flight management computer 62 interfaces with 
the aircraft avionics 63 which in turn, actiwate the air- 
craft's control surfaces 65 in the normal manner such 
that the aircraft is directed to automatically fly the route 



as selected by the flight management computer 62. 

Figures 2 through 9 depict the manner by which a 
flight crew may select or modify the desired navigation 
route as depicted in the FMS Control Display Unit elec- 
tronic display 20 and, in parallel, the navigation display 
40. 

Referring to Figure 2a, the operator, using the cur- 
sor control device 70 of Figure 1, has located the cursor 

74 to be within the aircraft symbol 42. The logic (60 of 
Figure 1) responds by highlighting the airplane symbol 
42 with a white border. If the flight crew desires to enter 
a "direct to" command, it would then activate the selec- 
tor switch (80 in Figure 1) on the side of the cursor con- 
trol device. If, however, it was desired to create a 
downstream modification to the flight plan, the user 
would use the cursor control device to move the cursor 
to that waypoint at which the modification to the flight 
plan would be initiated. Note also that the "List" control 
button image appears on the navigation display 40. 
Where a user to move the cursor to the list control but- 
ton 56, and activate the selector switch, the logic 60 
would list on the navigation display all waypoints within 
the area of interest. 

Figures 2a and 2b illustrate another aspect of the 
present invention. Shown generally at 75 are overlap- 
ping waypoints BEEHI and Quint. These waypoints are 
close enough that individually selecting one is not feasi- 
ble. 

Thus, as shown in figure 2b, if a usr selects the 
highlighted waypoints (as indicated by the double circle 

75 in figure 2a), the system automatically responds by 
displaying discrete control buttons 777, 79 on the nevi- 
gation display. Each control button 77, 79 corresponds 
to one of the waypoints BEEHI and Quint. Now a user 
can select the desired one of the overlapping waypoints. 

If more than two waypoints overlap, the system pro- 
duces a discrete control button of each waypoint. 

Referring to Figure 3, the user, using the cursor 
control device, has now moved the cursor 74 from the 
anchor, or last selected position to a current desired 
position. Note that the logic 60 has generated a dashed 
line connecting the original anchor position 42 to the 
new cursor position 74. In addition, the logic 60 has cal- 
culated a real time bearing/distance readout of cursor 
position from the last selected point and is displaying it 
at position 100. No change, however, is reflected in the 
control display unit electronic display 20. 

Now referring to Figure 4. the user has moved the 
cursor to an actual waypoint, here designated as 
"BEEHI". In addition, this new waypoint has been 
selected by activation of the cursor control device selec- 
tor switch 80, thereby indicating that the user desires a 
route change through the new waypoint. This new way- 
point is now entered in the control display unit electronic 
display 20 and the display reflects, at 102, that a modifi- 
cation or "Mod" of the flight plan is underway. Note also 
that the electronic flight display 20 also indicates a route 
discontinuity. 

In addition, now that a new leg has been selected, 
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the scratch pad line 26 of the control display unit 20 indi- 
cates "ERASE" and, on the flight display 40 an erase 
control button image 58 appears. Thus, by appropriate 
activation either of the erase button 58 via the cursor 
control device, or of the appropriate line select keys 22 5 
a user can opt to erase an unwanted modification. 

As shown in Figure 5, a particular feature of the 
present invention is that as the cursor 74 is brought 
within a diameter of approximately one half inch from a 
potential waypoint, that waypoint is identified on the 
navigation display 40. If there are multiple waypoints 
within the half inch diameter of the cursor location, 
these will automatically be displayed as a list on the 
navigation display 40 for possible selection by the user 
via the cursor control device. 

As shown in Figure 5, having selected the new 
"BEEHP route, the user continues to move the cursor 74 
to select an additional waypoint on the desired route. 

Figure 6 depicts the fact that inputs can continue to 
be made not only via the cursor control device on the 
navigation display 40 but also via the FMS-CDU (12 of 
Figure 1). Here, via a manual line select via line select 
switches 22, the user has utilized the CDU entry to clear 
the anchored position of the display whereby the real- 
time-line, 104 of Figure 5, and position reading, at posi- 
tion 100 have fully cleared. 

Now, as shown in Figure 7. the user again uses the 
cursor control device to select a waypoint HUMPP at 
106. In response thereto, the logic sets a new anchor 
point and creates a real-time-line from the previous 
waypoint BEEHI to the new position HUMPP. No corre- 
sponding change is noted on the navigation display 20. 

In Figure 8, the cursor control device has now posi- 
tioned the cursor 74 within a one half inch diameter of 
the new waypoint TAGOR at position 1 1 0. This causes 
the TAGOR waypoint to be highlighted and, in the navi- 
gation display 20. the waypoint TAGOR is entered in the 
scratch pad area 26. 

Referring to Figure 9, the user, using the cursor 
controlled device selector switch 80. selects the way- 
point TAGOR. thereby closing the discontinuity as 
reflected by the control display unit display 20. 

Thus, as is indicated above with respect to Figures 
2-9. the user can easily, and without the requirement of 
keypad entries, use the cursor control device to imple- 
ment a "connect the dot" approach to redirecting the 
route along desired waypoints. These changes reflect 
not only the navigation display 40 but correspondingly 
vary the line text readout in the CDU display 20. In addi- 
tion, if tile user prefers to make CDU 20 inputs, these 
are simultaneously displayed on the navigation display 
40. In this way. users are free to use either the graphic 
interface via the cursor control device and the naviga- 
tion display or the standard CDU command button 
entries to control the navigation route. 

Figure 10 is a logic flow diagram that depicts the 
logic states realized by the logic unit 60, Figure 1 , in 
accordance with the preferred embodiment of the inven- 
tion. 



At block 200. the logic monitors the cursor control 
device position and the corresponding cursor control 
device selection switch state. It then enters block 202 at 
which point it determines whether or not the cursor has 
passed within a radius of .25 inches of a waypoint sym- 
bol on the navigation display. If, out of block 202, the 
cursor has not passed within the prescribed radius of a 
waypoint. block 204 is entered and it is determined 
whether or not there has been a position selected on the 
0 navigation display. If, out of block 204, it is determined 
that no position has been assigned on the navigation 
display, the system reverts back to block 200, to thereby 
monitor the cursor control device position and switch 
selection state. If, out of block 202, it is determined that 
f5 the cursor symbol has passed within .25 inches of a 
waypoint symbol on the navigation display, block 206 is 
entered and a white highlight is drawn around that way- 
point or those waypoints within the prescribed radius. 
Two events take place out of block 206. Firstly, the sys- 
20 tern reverts to block 204 to determine whether or not 
there has been a position selected on the navigation 
display. Secondly, the system enters block 208 which 
causes that highlighted waypoint to be identified in the 
control display unit scratch pad. 
25 If, at block 204, it has been determined that there 
has been a waypoint position selected on the navigation 
display, block210 is entered. In block 210. a dashed line 
is drawn between the cursor and the position selected 
(for example the dashed line between position 42 and 
30 74 as depicted in Figure 3) and the relative bearing and 
distance from that position is displayed on the naviga- 
tional display 40 (such as item 100 in Figure 3). In addi- 
tion, this newly created display is continuously updated. 
Now. at block 212, it is determined whether or not 
35 this is the first position which has been selected. 

When the first position is selected, nothing is 
changed in the fmc. This just sets the position where the 
route mocfification will start. Thus, if the first waypoint 
position has been selected out of block 212, the system 
40 reverts to block 200 and continues monitoring the cursor 
control device and its selection switch state. However, if 
the second or subsequent positions have been selected 
out of block 212, block 214 is entered. 

In block 214, the flight management computer route 
45 is modified with the newly highlighted waypoint entered 
relative to the previously selected position. The system 
then reverts to block 200 to continue to monitor the state 
of the cursor control device and its selection switch 
state. 

so As mentioned hereinabove, the user can make 
route modifications using either the cursor control 
device and its graphical interface to the flight display or, 
via the more traditional keyboard entry on the FMS- 
CDU. Thus, in block 220 the system monitors the CDU 

55 keyboard entries. At decision point 222. it is determined 
whether or not there has been a waypoint manually 
typed in by the user. If no manual waypoint has been 
typed in, the system reverts to block 220. However, out 
of block 222, if a manual waypoint has been typed in, 
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block 208 is entered and that waypoint identifier 
appears in the CDU scratch pad. Now, in block 224, the 
CDU line select keys are monitored. The system then 
enters block 226 to determine whether or not the 
scratch pad data has been line selected via the line 
select keys into the desired navigation route. If the 
scratch pad data has not been line selected into the 
desired route, the system reverts to monitor the key- 
board entries at 220. However, if the scratch pad data 
has been selected into the desired route, block 228 is 
entered. 

Block 228 causes the flight management computer 
route to be modified with the waypoint which has been 
entered in the select position. The system then returns 
to monitor the keyboard entries of block 220. 

In summary, a cursor controlled navigation system 
has been described in detail. The system utilizes both a 
navigation display allowing graphical interface input by 
the user for additions or changes to the desired naviga- 
tional route while maintaining, in parallel, the flight man- 
agement system control display unit textual display and 
the ability to modify or add to the route via standard key- 
board entries. 

While the preferred embodiment of the invention 
has been described in detail, it should be apparent that 
many modifications and variations thereto are possible, 
all of which fall within the true spirit and scope of the 
invention. 

Claims 

1. An aircraft cursor controlled navigation system 
comprising: 

a navigation display for graphically displaying 
to the flight crew a sequence of waypoints 
defining a desired aircraft route and said navi- 
gation display also depicting a movable cursor; 
a manual input cursor control device suited lor 
receiving manual inputs to control the position 
of said cursor on said navigational display; 
a control display unit including a keypad for 
allowing the typed entry of sequential way- 
points to define a desired aircraft route and a 
text display of said typed entries; and 
a logic means for directing aircraft flight in 
accordance with a flight crew input desired 
route, said logic menas including logic for 
allowing the flight crew to select a new or 
desired route by manually selecting waypoints 
via the cursor control device with said newly 
selected waypoints automatically forming the 
desired route on both said navigation display 
and as a new or revised text display on said 
control display unit. 

2. The aircraft cursor controlled navigation system of 
claim 1 wherein said logic means further includes: 



means for drawing a line between first and sec- 
ond selected waypoints on said navigation dis- 
play and calculating and displaying the relative 
bearing and distance from said first selected 
5 waypoint to said second selected waypoint. 

3. The aircraft cursor controlled navigation system of 
claim 1 wherein said logic means further includes 
bgicfor: 

10 

determining if said cursor has been positioned 
within a predetermined position of a waypoint 
and, if so, highlighting said waypoint on said 
flight display. 

75 

4. The aircraft cursor controlled navigation system of 
claim 3 wherein said logic means further includes: 

means for producing a text display on said con- 
20 trol display unit of said highlighted waypoint. 

5. The aircraft cursor controlled navigation system of 
claim 4 wherein said logic means further includes: 

25 means permitting the flight crew to select said 

text display of said highlighted waypoint as a 
desired point on the route to thereby automati- 
cally enter said waypoint on the desired route. 

30 6. The aircraft cursor controlled navigation system of 
any of claims 1 - 5, wherein: 

said manual input cursor control device com- 
prises a touch pad; 
35 said logic means responds to relative move- 

ment of a user's finger across said touch pad to 
control movement of the cursor on said naviga- 
tional display. 

40 7. The aircraft cursor controlled navigation system of 
claim 6 wherein: 

said touch pad includes hot pad areas; and 
said logic means or said system responds to a 
45 user activating a hot pad area to move said cur- 

sor to a predetermined position on said naviga- 
tional display. 

8. The aircraft cursor controlled navigation system of 
so claim 7 wherein: 

said manual input cursor control device com- 
prises a selector switch; and 
said logic means responds to a user depress- 
55 ing said selector switch to select said high- 

lighted waypoint as a waypoint on said desired 
route. 

9. The aircraft cursor controlled navigation system of 
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claim 1 wherein said logic means further includes: 

means for creating images of one or more pre- 
determined control buttons on said navigation 
display responsive to the system's current 5 
mode of operation, and menas for performing 
the operation representated by said control but- 
ton image in the event a user, through the man- 
ual input cursor control device, selects said 
control button; and 10 
means responsive to a user input to display on 
said navigation display a sequence of said con- 
trol buttons, each control button corresponding 
to one of the possible waypoints within range of 
the display that the flight crew could select for is 
inclusion on the desired route. 

. The aircraft cursor controlled navigation system of 
claim 9 wherein said logic means further includes: 

20 

means responsive to two or more waypoints 
being too close on said navigation display to be 
designated for selection, to display a sequence 
of said control buttons, each control button cor- 
responding to one of said waypoints. 25 



55 



EP 0 763 714 A2 



CONTROL 
SURFACES 



52 

-65 



v r~ 

X 2US/V5 



Aircraft 
Avionics 




FMS-CUU 
(COMKOL PISPLAV 
V UNIT) 



30 



>14 




□□□□ □ £ 

□ □□□OC3 

□ □jiadKEiin 

UOOOtzl(clIl] 

OOOtuiEliaiElEl 

000110000^1 
... 





-32 

lie 



-34 



8 



EP 0 763 714 A2 



m □ □ tn m □ 



o o o 

O LQ ^ O 

Q ^ ^ 00 

- — M 



o o 00 ^ 

O lO If) ID CO 
^ ^ ^ 21 

Jif cn ^ ^ 

GmU-£ rcf^ O^r ! <N 
-j > f= oc h i v 



m m m m m □ 




9 



EP0 763 714 A2 




10 



EP 0 763 714 A2 



m CD m m en cd 



o 
o 
o 



o 

CM 



v9 ° 



O 

o 

CO 



\ o 
o ^ 



uJ 



O ^ 

U") LQ CO 
CM CM__^ 



JJJ co «cr CN l> 



on 

MD 
u_i 
—i 

uj 
i — 
QC 
V 



□ ni m m m □ 




11 



EP 0 763 714 A2 



m □ en □ m □ 



CM 



CM 
O 



O 

o 
o 



O ! O 

3^ 



LO CO 



u_l uJ ^- 

v- ^ r^- 

o ! 

° a 1 uj 50 Qi 



uJ 

LU 

V 



**"~"ND □ m m m m 



OH 




J 



J 



12 

BNRrxTOlO- <FP 07B.1714A? I > 



EP 0 763 714 A2 



U_I 

I 

UJ 
1 — 
CC 

o 



m □ m m m oo 



O CM J ^ CD 



O 
O 
CX 



ui 
CD 



i 

a 1 uj 



Z= Vj ~ ^i-' 



CD Cd 

a. o 



or zd 
v 1 ^ 



m m m in m m 




13 



EP 0 763 714 A2 



CO CO CD CD CD CD 



o o 



LU lu 

s % ji s? x S 



sj^d m m ra m m 




EP 0 763 714 A2 



ED CD CD Q] HI CD 



o o 
o uo 
o Cm 



5 ^ 



uu 



o 



^ o 

o ^ 

O OA 
CX 



_ o_ 

— t~ Q_ 

UJ S 



g CM <N 
v— 

o 

gi £ £ 

a g 51 

R ^ ^ 



cn 

UJ 

V 



m m m a] is m 



EP 0 763 714 A2 



CM 



m m m cd ra m 



v9 

CM 




CD CD [D Q] ED CO 




16 



RNSnOCID: <EP 076371 4A? I > 



EP 0 763 714 A2 



CM' 



m cd m in m m 







O 




<o 
uJ 
i 


o 


m 

CN 






CN 






UJ 
























Q 








O 














or 








o 




UJ 








UJ 








CD 







CO v3 
o o , 

LO If) 

Cx Cn 



V 



CD □ CD ED E CD 




17 



EP 0 763 714 A2 



MOfinORlHE CCD 
CURSOR POS\T\0H 
AND SELECTION 
SWITCH STATE 



-200 



206, 



Df?AWA WHITE 
HIGH LI6HT CIRCLE 
AROUND THE WAY- 
202 r*H POINTON THE HD 




Q20 



MONITOR THE 
CDV KEYBOARD 

ENTRIES 



,222 



HAS THERf_\ NO 

BEEN A \MOTOlNr 

MflNUALLVnVPEJ 

IN 
-? 

yes 



-SHOW THE WAYPOINT 
IDENTIFIER (N 
CDU SCRATCHPAD 



ON THE ND DRAW A DASHED 

EN THE C( 

A .„ TlOli SELE 

AND DISPLAY AND RELATIVE 



LINE BETWEEN THE CURSOR! 
/AND THE eOSlTlOrt SEijECTEE) 



8EARIN6 AND DISTANCE 
FROM THAT POSITION 

UP Date this display 

CONTINUOUSLY^ 



224* 



MONITOR THE CDU 
UNEf SELECT KEYS 



22^ 



HAS the 
Scratchpad \ no 

DATA BEEN L/NEl"™ 
SELECTED /NTOTH^ 
ROUTE 
■? 



2/2 




FMC RtX/TE IS MODIFIED 
WITH THE WAYPOINT 
ENTERED IN THE SELECTED 
PQSlTIOti 



f%S 



FMC ROUTE IS MODIFIED 
WITH THE WAYPOm ENTERED 
RELATIVE TO THE PREWOU SLY 
SELECTED POSITION 



•2/4 



18 



EP 0 763 714 A2 



CONTROL 

Surfaces 



Aircraft 
avjonics 



L 




GRAPHICS GENERATOR 
(DJ5PLAV tfdDULE) 



fpLHSKT MANA2B1EN1 
^ COMPUTER) - 



FM5-CDU 
{CONTROL 
v UNIT) 



OOOEJElEUaE 

° ooomisai^ I Z) El.^ 



8 



□ □ m m m □ 



O O Q 
^ O est £g ^ 

*~ -=a 
^„ Q Q 00 t> 

£ ^ ^ csj r- £ 

-a ^ F cc H i v 




8 



EP0 7A3 714A2 




to 



EPO 763 714 A2 



m cd e or m m 



o o 
o in 

<7=H 



o un it] iT] on . 



[if cn ^ cn* S 5 



CM 
*— 
V 



□ ffl m ed m cd 




EP 0 763 714 A2 



"A m m cd us eu m 



o o 



o 
o 



^- S ^ 61 



CO 



8 



0 _ a' aj^SP^Qi 



in 



*""~MD CD m ED ED CD 





12 



EPS ?S3 714 AS 



in 
. — j 

,1= 
!<£ 

Q 



o o ' o 



lit' 



T 

- S 1 uj & 

X □ g 5. O 
UJ O u ^ <^ 
sii d <r 

cd a 5 > 



v 



m 03 tn m tn en 





13 



EPO 733 714 A2 



ffl (D ID (D ffl 03 







o 




0 


^> 


UJ 


o 




i 










m 


















o 




















■fE 


Q_ 




UJ 






LU 






CO 





o o 

^ T 



I 



^^{D ID CD □ CD CD 




14 



m m m m ed m 



o G 

^ O U) 



Q 
Q 



O 



-9 

P 

I 



a! ^ e? 

a ^ ^ I 



§ < lis 

D ~J > | y 



tn in com b cd 




US 



BNSDOCtD <EP 076371 4A2TI > 



EPO 733 714 A2 



m id co m cn m > 




Q] CD CD CD □ CD 




16 



IP 0 783 714 A2 



ED m CD ED ED CD 




BNRDOCID <FP 076371 4A2TI > 



EP 0 763 714 A2 



mrtlTGRlHt LCD 
CURSOR POSITION 
AW _SEL£CTj£N 



<2Q n 



0,20 




DRAW A WHITE ^ 
HIGH UgtfT CIRCLB 
GROUND THEWW- 
pOINTQN THE tf D 



^™[T0g.TH& 
CpV XEi&m 
ENTRIES 




Sf40WTH£WAYWJMT 
IDENTIFIER £N 
CDU SCRATCHED 



ND plWA DftStfED. 



ONTO 

PJ?Oi 
DP' 




MONITOR TW£ CDU 
UNd SELECT KFfe 





FMC gWTE IS M60fFiEl> 
WrTHTOEWWWJNT _ 
EtfTEKED IN THE SELECTED 
PQSlVOh 



FMC ROUTE K WODfFI&D 
WITH THE tfAYR>IHT ENTERED ' 
REL AT f V£ TO Ttf E PREVtOU SLY 
SELECTED ROSfTlOrt 



IB 



t 



(19) 



J 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office urop^en des brevets 

EUROPEAN 



(88) Date of publication A3: 

17.09.1997 Bulletin 1997/38 

(43) Date of publication A2: 

19.03.1997 Bulletin 1997/12 

(21) Application number: 96202130.9 

(22) Date of filing: 26.07.1996 



( ii) EP 0 763 714 A3 

PATENT APPLICATION 

(51) int. CI 6 : G08G 5/00, G01C 21/20, 
G06F 3/023, G05D 1/00 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 22.08.1995 US 518090 

(71) Applicant: THE BOEING COMPANY 
Seattle, Washington 98124-2207 (US) 

(72) Inventors: 

• Bang, Eric S. 
Seattle, Washington 98177 (US) 



• Chaney, Robert E. 

Bellevue, Washington 98006 (US) 

* Groce, John L. 
Deceased (US) 

(74) Representative: Land, Addick Adrianus Gosling 
Arnold & Siedsma, 
Advocaten en Octrooigemachtigden, 
Sweelinckplein 1 
2517 GK DenHaag (NL) 



CO 
< 

h- 

CO 
CD 

o 

CL 
LU 



(54) Cursor controlled navigation system for aircraft 

(57) An aircraft navigation control system includes a 
flight management system control display unit (12). a 
navigation display unit (40). logic circuitry (60) and a 
cursor control input device (70). The flight management 
system control display unit (12) includes a keyboard 
(30) to allow desired route waypoint modification via 
keyboard entries. These entries appear on a display 
(20) which provides a text listing of the selected way- 
points. The navigation cBsplay (40) produces a graphical 
depiction of the selected waypoints as provided on the 
flight management system control display unit (12). In 
addition, the user may modify or create a new desired 
route by movement of a cursor (4) on the navigation dis- 
play (40) to thereby highlight and select various way- 
points as depicted on the display (40). By use of this 
graphical interface via a cursor control device (70) and 
the cursor (74) on the navigation display (40), a user 
may create, by a connect the dot approach, a new 
desired navigation route. Changes so entered on the 
navigation display (40) by the cursor control device (70) 
correspondingly create changes in the text display of 
the control display unit (1 2). 
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